Temperature dependence of dark current (I d ) and photocurrent (I ph ) is reported for Si-based amorphous HgCdTe (a-MCT) infrared photoconductive detector at 80-300 K. It is indicated that an uncooled a-MCT infrared detector can be fabricated based on the Si-based a-MCT. To describe the transport process, the Mott and Davis model [Davis and Mott, Philos. Mag. 22, 903 (1970) Mercury cadmium telluride (MCT) is the most ideal and variable-gap material for the fabrication of infrared detectors.
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1,2 However, the thermal expansion mismatch between the Si readout chip and the MCT-based infrared focal plane arrays (IRFPAs) constrains the format of IRFPAs. 3 The possible solution of the problem is that the silicon-based IRFPAs can satisfy the matching of the thermal expansion of the Si readout chip. 4 Thus, the use of Si substrate is very attractive in IRFPAs technology, not only because it is available in large area wafers but also the integration of the Si substrate with the Si readout integrated circuits (ROICs) allows fabrication of very large arrays. Consequently, the growth of MCT material on Si surface is desirable for the application of infrared detection. It is well known that As passivation of Si substrate has been the crucial step for the direct growth of single domain CdTe(211)B films on the Si(211) substrates. 5 Fortunately, by molecular beam epitaxy [6] [7] [8] and metalorganic vapor phase epitaxy [9] [10] [11] techniques, large-area high-quality CdTe(211)B layers have been grown on the As-passivated Si(211) surface for subsequent growth of MCT films. Additionally, the imaging of the Si-based infrared photodetector has been acquired. 8, 12, 13 As a variational way, one thinks easily whether a-MCT can be grown on the Si substrate. Some amorphous semiconductors, such as a-Si and a-C, have been already utilized in photovoltaic applications for the reasons of high conversion efficiency and low cost. [14] [15] [16] To realize the Si-based amorphous infrared photodetector, a-MCT growth on Si substrate is investigated.
In this letter, we report experimental and theoretical studies on the temperature dependence of I d and I ph for a-MCT infrared photoconductive detector. Meanwhile, the dynamic picture of carriers transport is discussed in detail.
The material used for device fabrication is a-MCT films grown on bottom electrode by RF magnetron sputtering technology. The Cadium composition of the a-MCT film is x ¼ 0.67. The amorphous characteristic of the film is confirmed by the halo pattern of electron diffraction pattern as shown in Fig. 1(a) , and the atomic force microscopy (AFM) surface morphology of a-MCT film is shown in Fig. 1(b) . The detailed structure of device is shown in Fig. 1(c) . I ph is obtained by subtracting I d from the measured photocurrent with the irradiation of infrared light 1.1 lm, and the power of the illumination source was 0.58 mW cm
À2
. The performance of the device can be determined by the detectivity D * . 17 As shown in Fig. 2 Next, our main motivation is to explain the maximal I ph /I d at 210 K. According to Davis and Mott model, 18, 19 a possible mechanism of the carrier transports is proposed for the a-MCT materials.
As shown in Fig. 3(a) , I ph increases with rising temperature markedly. In order to get an increasing result of I ph with temperature, the localized potential barriers in extended states must be assumed. Fig. 4 illustrates the transport mechanism of a-MCT materials. The electrons get energy from the heat in the system and are carried into the extended states. But, due to the disordered effect, the localized potential barriers block the electronic transport. The electrons can cross the barriers by two methods: the thermally activated transport of electrons over the potential barriers and the quantum tunneling of electrons through the barriers. The process is similar to the carrier's transport through the crystalline grain boundary. [20] [21] [22] The localized potential barriers E b limit the carrier's transport in the conduction band. Consequently, the mobility is generally given by thermally emission over these barriers 20,23 a) Electronic mail: xschen@mail.sitp.ac.cn. 
where C is a constant, k B is the Boltzman constant, and T is the temperature. Assuming that the tunneling effect changes slowly with changing temperature, we can add the constant mobility factor l 0 in the formula. Fig. 2(b) shows the drift mobility of a-MCT film at different temperatures. Here, we assume approximately that the drift mobility is equal the mobility of extended state. The dash line is the theoretical curve by fitting Eq. (1). The result indicates that the change of mobility with temperature is similar to the mobility change of the electrons by thermal emission transcending the potential barrier at grain boundary. 22 The density of electrons in an n-type semiconductor is given by
where n i is the intrinsic carriers density and N D is the effective donor concentration. The density of electrons above the mobility edge E C from the intrinsic excitation is
Usually one can safely assume that the distribution N(E) of the density of states above the mobility edge does not change significantly on a k B T scale. 26 Hence, the intrinsic density of carriers can be written as
where A is a constant and E g % 1.0 eV is the mobility gap. 
113508-
Carriers can also transport in the band tails below the mobility edge, as shown in Fig. 4 . The mobility can have the form
where m ph is the average phonon vibration frequency of the materials, q is the electron charge, R is the hopping distance in an average hopping range, and W is the obtained energy for the average hopping. For a typical phonon frequency m ph ¼ 10 13 s À1 and W % k B T, Eq. (5) yields a mobility of the order 10 À2 cm À2 V À1 at room temperature. 25 The mobility decreases roughly inversely with temperature and gives a relation of l hop % 3:0=T ðcm À2 V À1 Þ. The solid lines in Fig. 3 represent the I-T curves calculated by taking
. For our sample, in the temperature range of 80-210 K, the main electric conduction of I d is from the localized states below the mobility edge. The mobility decreases roughly inversely with temperature as described in Eq. (5). However, I ph is mainly derived from the carriers of the extended states, and the mobility increases with increasing temperature by Eq. (1). Thus, I ph /I d increases gradually with increasing temperature in the range of 80-210 K.
As the temperature increases, more and more electrons are thermally excited into the extended states. The carrier's conduction of localized states, contributed to dominant I d , changes into that of extended states. I d is determined by both the mobility and electron density of the extended state. It is also known that the mobility and electron density increased with temperature increasing. Finally, the increasing rate of I ph is slower than that of I d although the mobility also rises as temperature increases. Therefore, the ratio of I ph /I d decreases with increasing temperature at the range of 210-300 K.
In summary, we have studied the temperature dependence of I ph and I d for Si-based a-MCT infrared photoconductive detector. The dynamic picture of carriers transport is discussed in detail. It is thought that the maximum I ph /I d is caused by the conductive change between the localized and extended carriers. Such an interesting characteristic can be used to fabricate the uncooled Si-based a-MCT infrared detectors. 
